Background: Persons with heart failure (HF) have significantly lower sleep quantity and quality than persons without HF. The purpose of this article is to propose a conceptual model describing how poor sleep may contribute to inadequate self-care and untoward outcomes in persons with HF. Aims: Our overarching hypothesis is that sleep affects self-care and outcomes through its effects on cognition. Building on the work of others, we outline a conceptual model that illustrates that even transient sleep disruption prevents sleep-related restorative processes and contributes to cognitive dysfunction-especially in the 25-50% of HF patients with existing cognitive impairment. Poor sleep may be sufficient to impair cognition to a level that interferes with higher order functions involved in effective HF self-care practices. Through these mechanisms, inadequate sleep may contribute to poor outcomes such as low health-related quality of life and greater risk of unplanned hospitalization. Conclusion: The proposed model (1) bridges physical, neuropsychological and behavioral phenomena, (2) suggests a mechanism by which poor sleep affects daytime behavior, and (3) is empirically testable. Exploring factors that interfere with sleep may improve self-care and outcomes in persons with HF.
Introduction
It is well-established that a significant segment of the heart failure (HF) population experiences frequent episodes of congestion, recurring unplanned hospitalizations, and poor health-related quality of life (HRQL) [1, 2] . Others have proposed that poor sleep and daytime sleepiness may contribute to these outcomes [3] [4] [5] [6] . A recent Institute of Medicine report calls attention to the devastating effects of excessive daytime sleepiness, including potential problems with treatment adherence-a key component of self-care [7] . Mechanisms explaining how excessive daytime sleepiness may impede self-care and influence health outcome in the HF population have neither been proposed nor tested.
Accordingly, the purpose of this article is to describe a conceptual model of how poor sleep may contribute to selfcare and outcomes in persons with HF. We suggest that poor sleep may impair cognition sufficiently to interfere with selfcare [8] . In particular, it may accentuate the often subtle cognitive problems known to exist in persons with HF [9] . In turn, poor self-care may impair HRQL and contribute to symptom burden and decreased functional capacity. Frequent and persistent symptoms and impaired functioning then increase the risk of unplanned hospitalizations. Assuredly, the progressive nature of HF and aging are major contributors to poor outcomes, but in this article we suggest that efforts to improve sleep may be one way to increase patients' abilities to concentrate. Better cognition European Journal of Cardiovascular Nursing 8 (2009) 337 -344 www.elsevier.com/locate/ejcnurse may promote HF self-care, especially in HF patients with preexisting cognitive impairment. Better HF self-care may decrease symptoms, improve functioning and HRQL, and decrease unplanned hospitalizations. The proposed conceptual model is theoretical at this point. Our hope is that by sharing our depiction of possible relationships, we may stimulate others to think about these issues and contribute to the growing science of sleep and HF self-care.
Definitions
Sleep is a state of perceptual or conscious unresponsiveness, lessened movement of the skeletal muscles, and slowed metabolism. Many people experience excessive daytime sleepiness when sleep is inadequate in quantity or quality. Excessive daytime sleepiness is manifested in a subjective and/or objective manner. Subjective daytime sleepiness refers to the feeling of drowsiness with a tendency to nap [10] . Objective sleepiness is defined as an impaired ability to sustain attention and respond quickly to stimuli [11] . Fatigue, despite being a common symptom of HF, is only weakly associated with daytime sleepiness [12] . Fatigue refers to a temporary feeling of weariness, tiredness, or lack of energy that usually resolves with rest [13] while excessive daytime sleepiness typically reflects chronic sleep loss.
Self-care refers to the behaviors that people use to maintain their health (self-care maintenance) and the decisions they make about symptoms when they occur (self-care management) [14] . Treatment adherence alone is not sufficient to capture the complexity involved in the decisions that patients make during self-care. Self-care does not just involve following directions. Self-care decisions require cognitive or mental processes used to gain knowledge as well as comprehension, including thinking, knowing, remembering, judging, and problem solving. The set of abilities that control and regulate other abilities and behaviors (e.g., planning, decision-making, and thinking) are referred to as higher order executive functions.
The outcomes most problematic in persons with HF include escalating symptoms, severe functional limitations, acute hospitalization for episodes of congestion, impaired HRQL, and early death. HRQL is defined as the perception of the impact of an illness and its treatment on physical, emotional, social, and economic aspects of daily life [15] .
What is known about sleep?
Sleep is a dynamic state during which brain activity is coordinated by subcortical structures and mediated by neurotransmitters [16] . Humans sleep in a consolidated bout, which if disturbed, results in problems during waking hours. While all functions of sleep are not as yet fully understood, sleep appears to (1) restore energy and well-being [17] , (2) promote learning and consolidation of memory [16] , and (3) bolster immune function [18] . Time asleep is less important than the quality of sleep obtained. Poor sleep quality adversely influences well-being by negatively affecting psychosocial, physical and occupational functioning. Overall, poor sleep quality causes mood disturbance, cognitive inefficiency, motor impairment, social discomfort, nonspecific physical ailments, reduced productivity, and poor HRQL [5, 6, [19] [20] [21] .
Numerous studies have demonstrated the important cognitive functions of sleep: memory encoding, memory consolidation, brain plasticity, and memory reconsolidation [16] . Memory encoding involves receiving or registering stimuli through the senses. In memory consolidation, shortterm memories are converted into long-term memory. Brain plasticity refers to the capacity of the brain to modify the organization of neuronal networks in response to particular experiences. Reconsolidation refers to a process of restabilizing an established memory [22] . Through these processes, short-term memories are converted into long-term memories for later retrieval and use. Interestingly, different types of memories are reconsolidated during different sleep states. For example, physical skills or motor learning occurs after a night of sleep following skills training. Declarative memory for events and facts are reconsolidated during early nocturnal sleep. Emotional memory or the positive or negative affect associated with specific stimuli is reconsolidated during late sleep when REM (rapid eye movement) sleep predominates [17] .
Conceptual model
Conceptual models describe a system of relationships between and among concepts. These relationships are often based on assumptions about interrelationships and system boundaries. As such, conceptual models provide a mental image of a process. Convincing conceptual models provide a written and graphic representation of the ordering of the concepts representing a specific phenomenon that can be used by others to think about and test the phenomenon.
Our model ( Fig. 1 ) represents the relationships among HF, poor sleep, excessive daytime sleepiness, cognition, selfcare and health outcomes. Our model extends previous work by Trupp and Corwin [23] and Beebe and Gozal [24] by moving the focus beyond sleep disordered breathing (SDB) to address the multitude of other factors that may contribute to poor sleep in persons with HF. Trupp and Corwin [23] described how the repetitive cycles of hypoxia-reoxygenation that occur with SDB activate the sympathetic nervous system and interfere with sleep. They linked poor sleep with fatigue, cognitive impairment, and treatment adherence. The strength of their model was the inclusion of treatment adherence. However, their focus on SDB is limiting. In the conceptual model by Beebe and Gozal [24] , the sleep disruption and blood gas abnormalities associated with obstructive sleep apnea were proposed to induce central nervous system cellular injury and cortical dysfunction, resulting in maladaptive daytime behaviors. Strengths of their model included a description of the mechanisms by which prefrontal cortical dysfunction occurs and a detailed account of the specific effects on cognitive functioning. The behavioral effects specified focus primarily on those comprising executive function.
Our model builds on this prior work by (1) focusing on the factors other than SDB that may impair sleep in persons with HF, (2) emphasizing the contribution of sleep to daily functioning, including self-care, (3) including both shortterm and long-term outcomes that are important to patients, clinicians, and society, and (4) separating out the unique contribution of depression to many of the components in the model.
Heart failure as a cause of impaired cognition
Impaired cognition has been documented in 25-50% of persons with HF [9] . The dimensions of cognition impaired in persons with HF and in those experiencing sleep deprivation overlap: attention; working memory; long-term memory; executive functioning; and psychomotor speed [25, 26] . In HF, the reasons for cognitive impairment are not yet understood, but the major hypotheses are that cerebral hypoperfusion and multiple cardiogenic emboli affect regions of the brain involved in higher order functioning [27] . Chronic hypotension [28] and low cardiac output can be understood as potential contributors to impaired cognition because of inadequate brain perfusion [29] . Multiple cardiogenic emboli may be associated with dysrhythmic events and with low cardiac output [27] .
Risk factors for poor sleep
Excessive daytime sleepiness can usually be attributed to one of four causes ( Fig. 2 ): (1) qualitative or quantitative sleep deficiencies resulting from sleep loss or fragmentation;
(2) drug effects; (3) central nervous system diseases; and (4) circadian rhythm disruption [30] . All of these factors, except perhaps jet lag, routinely contribute to poor sleep in persons with HF. Those causes most amenable to intervention (e.g., sleep deficiencies and drug effects) are the focus of this conceptual model.
Sleep disordered breathing
Persons with HF commonly have SDB [31] , defined as an apnea-hypopnea index (number of apnea and hypopnea events/hour of sleep) ≥ 5 [32] . Obstructive sleep apnea is found in up to 40% of adults with HF [33] . Central sleep apnea is thought to be even more common in the HF population [31] . A recent study conducted in HF patients confirmed to be treated with evidence-based therapies found that 61% of the sample had SBD; about half of these 61% had central and half had obstructive SDB [34] . Many more HF patients with SDB may be undiagnosed. Persons with HF and SDB have shorter total sleep times, markedly reduced sleep efficiency, significantly longer sleep onset latency and wake time after sleep onset, and significantly shorter sleep time compared with those without HF [35] . Sleep efficiency is the ratio of time spent asleep to the amount of time spent in bed. Sleep onset latency is the length of time that it takes to Obstructive sleep apnea is the result of occlusion of the upper airway caused by relaxation of the oropharyngeal muscles. Aging and obesity are two major risk factors for obstructive sleep apnea. Central sleep apnea, technically a central nervous system disease, is characterized as a temporary failure in breathing rhythm resulting in the loss of ventilatory effort lasting at least 10 seconds. Failure to breath causes retention of carbon dioxide and acidosis, which stimulates abnormally deep and rapid breathing, alkalosis, and hypocapnia, which causes another bout of apnea and the cycle repeats [36] .
Sleep fragmentation
Numerous factors interrupt sleep in the HF population, but interrupting sleep to void is one of the most common causes of disrupted sleep in elders [37] . In HF, nocturia is commonly caused by diuretics.
Nocturnal dyspnea is another cause of sleep fragmentation [38] . When someone with HF assumes a supine position, within a brief period, airway resistance increases, and vascular engorgement and cardiac enlargement expand the chest wall, causing dyspnea and increased work of breathing. Those who experience paroxysmal nocturnal dyspnea (PND) report feeling unable to breath and rise to open the window for fresh air, which further interrupts sleep.
Other contributors to sleep fragmentation are, age-related changes in sleep efficiency, comorbid illnesses, excess body weight, lack of exercise, alcohol use, chronic insomnia, and stress [39] . Of note, when somatic and mental health are taken into account, the impact of age on sleep is almost eliminated [40] .
Comorbid illnesses
Comorbid illnesses contribute to sleep loss and fragmentation in persons with HF [41] . Several illnesses that are common comorbid diagnoses in those with HF are associated with poor sleep including diabetes, chronic obstructive pulmonary disease, nasal problem, thyroid disease, stroke, and arthritis [42] . Depression is common and impaired sleep is a primary diagnostic indicator of depression [43] . Most HF patients are elderly, and insomnia is common in older people [44] . In a survey of elders, pain at night at least three times per week and wheezing or whistling from chest at night were associated with excessive daytime sleepiness [45] .
Drug effects
One common but frequently overlooked contributor to poor sleep is the medication regimen including drugs commonly prescribed for HF [46, 47] . Beta-blockers, for example, are associated with impaired sleep, perhaps by causing a decrease in nocturnal production of melatonin [17] . Polypharmacy, common in HF, increases the likelihood of taking drugs that cause excessive daytime sleepiness as a side-effect.
Excessive daytime sleepiness
In the general population, excessive daytime sleepiness affects as many as 37% of adults [48] . Interestingly, though, persons with HF do not report subjective daytime sleepiness as frequently as community dwelling adults without HF, even though the majority of persons with HF have SDB [31] . For example, in one study, 155 consecutive HF patients and 1139 adults randomly chosen from the community were assessed for obstructive sleep apnea [35] . For any given severity of obstructive sleep apnea (none, mild, or moderate to severe), patients with HF had less daytime sleepiness (all p ≤ .01). Further, the HF sample reported less daytime sleepiness despite sleeping significantly less than the community sample (all p b .001).
Subjective complaints of excessive daytime sleepiness are typically the basis for referral for SDB. Thus, the observation that in HF poor sleep is not necessarily associated with the subjective perception of excessive daytime sleepiness is particularly interesting. Yet, others have found that despite the lack of subjective reports of daytime sleepiness, HF patients have evidence of objective sleepiness [49] . This finding of objective evidence without the subjective complaint of sleepiness supports the need for further study of sleep in persons with HF.
Cognitive effects of excessive daytime sleep
Working memory and executive function, higher order cognitive functions that include decision-making, are particularly vulnerable to sleep loss and fragmentation [50] . When sleepy, the performance of cognitive tasks such as logical reasoning slows and memory problems occur. When deprived of sleep, the ability to sustain attention decreases and the number and duration of lapses in attention increases [11] . Accuracy in performing tasks can be maintained only when tasks are performed more slowly. The need to perform more slowly when sleep deprived reflects what is now recognized as very brief uncontrollable naps or "microsleeps" [11] . Even after people adapt to feeling subjectively sleepy, chronic partial sleep deprivation, which closely replicates sleep loss in society, causes cognitive deficits that accumulate over time [51] .
In the general population, sleep deprivation is associated with deficits in sustained attention, memory, executive function, and psychomotor speed [51] . In HF, the studies of sleep deprivation and cognition focus on SDB, where the cessation of breathing during sleep is known to impair cognitive functioning [52] .
Effect of impaired cognition on self-care
Impaired ability to concentrate sufficiently to perform self-care has been suggested by some authors as a mechanism by which impaired sleep could affect HF outcomes [3, 53] . Some evidence of this mechanism was found in a mixed methods study describing how expertise in HF self-care develops [53] . Patients poor in HF self-care were found to have more complaints of excessive daytime sleepiness, worse cognition and higher depression scores. Experts in HF self-care had less daytime sleepiness than patients who were judged qualitatively to be only adequate in self-care.
The element of self-care most directly linked with sleep is decision-making. When HF patients have chronic sleep loss or fragmentation they may have problems mentally manipulating information, planning, organizing, making decisions, and maintaining the attention required for self-care. Patients with impaired memory may forget to take medicines. Those unable to concentrate may have difficulty learning how to choose low sodium foods. With impaired executive functioning, they may have difficulty interpreting symptoms, solving problems, applying learned skills in their daily lives, or coping when the routine is disrupted or the environment is altered. The decision-making required to interpret and respond to changes in symptoms may be impaired [8] . In these ways, poor sleep may be sufficient to cause poor selfcare.
Failed self-care exacerbates symptoms and decreases functioning
As many as one third of persons with HF admit to skipping medication doses [54] , and this may be an underestimation [55] . When patients skip a medication such as an angiotensin converting enzyme inhibitor [ACE-I], therapeutic neurohormonal antagonism is low [56] . The imbalance of hormones leads to vasoconstriction, fluid and sodium retention and myocardial stretch, thus exacerbating HF symptoms [57] .
Most HF patients have difficulty following a low sodium diet. In one HF sample, mean daily sodium intake ranged from 1398 mg to 5807 mg; 58% had a sodium intake above the daily recommended level of 2000 mg [58] . When foods high in sodium are eaten, fluid retention increases circulating volume, diastolic filling pressure and afterload, all which augment myocardial stretch. These effects stimulate the release of tissue angiotensin II and growth factors, both of which allow progressive ventricular remodeling [59] . Fluid retention also attenuates the effectiveness of pharmaceutical therapy [60] , making a delay in or reversal of remodeling relatively less likely. These seemingly inconsequential lapses in self-care-forgetting a medication dose, a hot dog at a ball game-cause a cascade of physiologic events that worsen fluid retention, increase symptoms and decrease functional capacity.
Contribution of symptoms, functioning on heart failure outcomes
Heart failure (HF) is the most common and expensive chronic illness among older people in developed countries [1] . Hospitalization rates for HF have doubled in the last two decades [61] . Twenty-seven percent of patients are readmitted within 90 days for recurrent HF, 29% of these are readmitted more than once, and 6-month readmission rates are 44%-47% [62, 63] . HF is notable for its strikingly negative effect on patients' HRQL [2, [64] [65] [66] [67] . Heart failure has more influence on HRQL than arthritis, chronic lung disease [68] and other cardiac illnesses [69] .
Poor HRQL can be traced to symptom burden and functional limitations. In one study [70] , an average of 7.2 symptoms was identified on HF hospital admission; 6 weeks after discharge these same patients still had 4.2 symptoms, on average. Initially, shortness of breath was most prevalent, but by 6 weeks after discharge, fatigue became the primary symptom. In another sample of HF patients, higher dyspnea scores were associated with poorer HRQL [71] . These symptoms cause significant physical limitations that decrease mobility and usual activities [72] . Persons with HF report levels of vigor lower than other patient populations and similar to those with cancer [70] . Worse HRQL is associated with hospitalization and death in persons with HF [73] .
Depression
Depression is extremely common in persons with HF. In a recent study, as many as 25% of HF outpatients and 51% of hospitalized HF patients scored above the cut-point for depression [74] . Conversely, in the general adult population, only 9.5% have a depressive disorder [75] . Depression complicates the causal paths in the proposed conceptual model by directly and indirectly influencing the major variables. For example, sleep disturbances and depression coexist in a significant proportion of persons with HF; in one study, 40% of those with both HF and depression had severe sleep disturbance [76] . In persons with HF but without depression, only 18% had a significant sleep disturbance.
Depression is associated with impaired cognition in the general population [77] , where depression is known to cause prefrontal cortical dysfunction with impaired concentration and decisional capacity [78] . In HF, some [79, 80] but not all [81, 82] studies have demonstrated that depression is associated with impaired cognition. Depression is also a strong predictor of treatment nonadherence, a component of self-care, with a linearly incremental influence on adherence across the full range of symptom severity [83] . Depressed HF patients have more HF symptoms, decreased HRQL, and an increased risk of premature death [84] .
Conclusions
To date, initiatives to improve HF self-care have had limited success, suggesting that important operative factors have not been identified. The proposed conceptual model builds most directly on the work of Beebe and Gozal [24] by expanding their description of how sleep influences cognition and daytime activities. Here we have woven together research conducted with other populations to build a case for the possibility that the effects of sleep on cognition have an important impact on the ability of persons with HF to perform self-care. If we can demonstrate through our ongoing research that factors other than SDB cause excessive daytime sleepiness, that even minimal impairments in cognition are sufficient to impair patients' abilities to perform self-care, and that these effects are associated with important outcomes, the implications for clinical practice will be significant.
